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Measurements of pressm cisturbances on the
ground due to 3oriic Bangs

by

M.O.W. Wo1.~e
and

H.C. Woolly

R.A.Z. Reft Structures D/14751AOWW

The pressure disturbances nn the grcuad due to Sonic Bangs from
diving aircra t have been measured on sexral occasions, as opportunities
arose. The measurements were made with e, sensitive instrument oapable of
indicating the pressure time event aoo='iely for small pressures and high
rates of change of 1ressure.

It was not possible to control the oyeriments adequately and the
results are therefore random in oharaotev.. Sufficient information was
obtained to substantiate a theory due to VarrenI . The average amplitude
of the pressure wave was shown to be 0.7 2ib/sq. ft end the greatest
incremental pressure measured was 1.56 ib/'sq. ft.
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1 Introduction

An understanding of the Sonic Bang in important because of its
objectionable cha~racter and the possibility of damiage to property. Up
to the present, sonic bangs have been made by aircraft when diving from
high altitude at high Wped, so that the time during uhioh the aircraft
speed exceeds that at sound is necessarily short. The effects harve not
been as pret;, therefore, as they would be if the aircraft flew continuously
at mewrsonio speed in level flight at loiw altitude. There ia a possibility,
therefore, that sonic bangs air become more serious in the future.

The expeoriments described here were undertaken for two purposes: first
to Provide data from which theories could be checked, and secondly to deter-
mine the magnitude of the disturbance.* At the time the observations were
bogtm nio quantitative measurements were available, It was known, however,
from the reports of witnesses, that the disturbances covered a wide area on
the ground and that one,, two and sometimes three bangs were board,, depending
on the locations of the observers in relation to the flight path of the
wsroplane.

Pressure-time measurements of sonic bangs were made with several types
ofsensitive fluctuating pressure pick-ups at Lanham aarodrome and at the

NeAeo Similar esperiments were mods at Lawkhll Range with Rocket
Missiles. For the experiments at Lanhram an observer-on. the ground was in
radio - aoation with the pilot during the dives, and the aircraft were
floon anr a prearraged flight path, The experiments -at the R.A.3, were
Mb &Wing the 1953 S.B.,A.C. Show when coordination was not possible
betosan the pilot ot the aircraft and the ground observer. The results
of two*e osrvations, therefore, wre random and can only be expected to
give am* Statistical information on the magnitude of the pressure peaks.

Prcm a consideration of the results of the experiments with aircraft
it sealed that The sonic bung was primarily an aerodynio effect, a
convenierA qualitative analysis of the phencmenon being given by Warren.
Although quantitative estimates of the pmssure based on Warrenls work were
In fair areseset with masured pressures, the coordination of the pround
ineUlM with the aircraft flight plan was never good enough to enable
the **eor to be fully substantiated, Since the disturbances covered aI Wiet ares, ma Usr prmn amreover, and the measurements were mode at only
oae point, It was not knm iffether the measuresments wwoe made at the ontra
Of the disturbance. 11ressures greater than those observed might there-
tore have occurred at other points, For these reasons Rocket M(issile
eZJSrlmmts were planned and carried out at Larkhill rmre. Using rockets,
In Onjuction with RaWi Doppler and Oine the odolite equipment It was
Possbl to wasv tNo veloity-time history7 and the track of the miss-41
Muirwately. It %* alas possibl by observing whinties or not sonic bangs
Me. amb 1w uiala s ina fee fligt, to cheek another theory, kwm as the
aeeusto laeoy, widi attrIbutes the phonsm~eon to thre nois made by
#&W4" e*DOLS",. , & aim qurlsnts aimAltaaeoo recardings at three

urntheeqml~e~sat Sodom the ispe of the Wressur.-tims paUle
afth 5o wau eabhIose ad, iwere sw than one burg was reouired
4wift Aie tamt On epinterval of tim botoom successive pressure
peaes as u toi9. 0.1 25 socais. n inerape peak pressur, was
0.7 lb per @sq foot,, and 11 gmstest pessure peak recorded was 1,*56 lb
per squar feet flu Uim Interval between masessive burg and the sap
of toe wane wMr in aoowrd Ia use erftu theor'y, the quantitative
*ttf.t foreest by thew *hemy was also In fair agrement with te measured
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Only the peak pressures of four disturbances were measured during the
R.A.3. everiznts. These pessures were respectively 0.09, 0.15, 0.24 and
0.18 lb per squae foot.

In the exporimnts at Lwrkhill disturbances were observed and recorded
on two oooasioms from sighter rockets. In each case two bangs were observed.
The average peek pressure was 0.3 lb per square foot and the greatest pressure
recorded was 0,36 lb per square foot and the werage time interval between
successive peaks was 0,56 seconds. The general characteristios end shape of
the pressure waes were the sae as for the aircraft. Since it was possible
to establish that the bangs received on the ground were produced after cessation
of the rocket motor the acoustic theory was discredited.

In the early experiments several types of pressure pick-up were tried,
with varying degrees of success. These included a moving coil microphone,
a pieso electric pressure piok-up, and a sensitive condenser type microphone.
The requirements were severe, since exceptionally low pressures combined with
high rates of change of pressure were involved, A very sensitive pick-up
capable also of responding accurately to very high frequenois was therefore
required. These conditions are difficult to satisfy in a single piok-up
since a sensitive instrument must have a very flexible movement, which
implies a low natural frequnoy and consequently a poor response to high
frequmncies. The technique which was finally adopted, ad which proved
to be satisfactory, was the use of a specially designed miniature condenser
type pick-up of poor sensitivity but high natural frequency in conjunction
with an eleoronic mplifier of high gain and a cathode ray tube recorder.
With this arrangement the poor sensitivity of the pick-up was offset by the
high gain of the aplifier, and since the natural frequency of the piok-up
was 17,000 o.p.. an aequate high frequency response was achieved.

The, pick-up used in the eeriiments was a modified form of that described
in reference 2. A stiffer diapluapg was used to improve the high frequency
responme. Photogrnphs of the pick-up era shown in Figa.1 and 2. The

4rying l recording *quipaent oonsisted of a frequency modulated pre-
i Ifying Stags followed by a demoulator, a high gain M alitfier and a
cathode raV te photopqihio recorder. Timing signals generated by a 100
cop,&. tuning fork coatolled oscillator were photographed on the record,
The equ4mut Is described in detail in reference 3, and is sHAM in Fig.3.

3 Xmr_a ts *,t Losh= Awdrg

2lo ewriumants at Lashe Amftame wer made on 8ab service aircraft.
The pilots were briefed to clJob to 42,000 ft an then dive at approximately
75 = 8ees to the hariatel, aiming the atroraft at the point on the ground
at *i 1a he pressure obswvwoina were being mada. The wproxinate flight
path at the siafrat Is sbom la FJI,. fte 1ti of amny to the dive,
the Koh nmber at intervals dring the dive md th tie of ot of
pul out mWw oeinnteti by radio to the romd obswrvwr by the pilot.
"s Zat of r e e rmeats 0a e given in the following tabulation for
six Gi#OIENI-
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i Introduction

An understanding of the Sonic Bang is important because of its
obj octionable character and the possibility of damage to property. Up
to the Present, sonic bangs have been made by aircraft when diving from
high altiti* at high speed, so that the time during ihioh the aircraft
speed exceeds that of sound is necessarily short. The effects have not
been ss great,, theref ore, as they would be itf this aircraft flew continuously
at supersonic speed in level flight at low altitude. There is a possibilitr,
therefore, that sonic bangs mq become more serious in the future.

The experiments described here were undertaken for two purposes: first
to provide data from which theories could be chocked, and secondly to deter-
mine the magnitude of the disturbance. At the time the observations were
begun no quantitative measurements were available. It was known, however,
from the reports of witnesses, that the disturbanes covered a wide area on
the ground end that one, two and sometimes three bangs were boerd, depending
on the looations of the observers in rolation to the flight path of the
aseroplane.

Pressure-timo meaurements of sonic bangs were made with several types
of sensitive fluctuating pressure piok-ups at Lasham serodrome ard at the
R.". Similar experiments were made at Larkhill Range with Rocket
Missiles. For the experiments at Lasham an observer on the ground was in
radio ommunioation with the pilot during the dives, and the aircrsft were
flown on a prearranged flight path. The experiments at the R.A.E. were
me during the 1953 8.B.A.C. Show when coordination was not possible
between the pilot of the aircraft end the ground observer. The results
of these observations, therefore, are random And can only be expected to
give some statistical information on the magnitude of the pressure peaks.

Pro a consideration of the results of the experiments with aircraft
it somd that the sonic bang was primarily an aserodynuio effect, a
convenient qualitative naelysis of the phenomenon being given by Warreni.
Although quantitative estimates of the pressure based on Warren's work were
in fair agreement with meaured pressures, the coordination of the ground
measuremente with the aircraft flight plan was never good enough to enable
the theory to be fully substantiated. Sinoe the disturbances covered a
wide rea on the ground, meover, and the measurements were made at only
one point, it was not known whether the mesurements'were male at the centre
of the disturbance. Pressures greater than those observed might there-
fore have ocourred at other points. For these reasons Rocket Missile
experiments were planned and carried out at Larkhill rnew. Using rockets
in oonJunction with Rado Doppler and Oine theodolite equipeent it was
Possible to moasure tim volocitq-tims history and the rack of the missile
so saaly. It was alm possible by observing whether or not sonic bangs
were mae by misiles in ftree flight, to oeok another theory, known as the
soustio to7y, w sh attributes the phsnamsaon to the noise made by
eiadrart easosi. . bI se .epeIments, m uitmous recordings at three
positlms g~s0 g.o= ws meo.,

Prm t o u'aats at g.. the spe of the pressure-time Pulse
an the gound was otg1bligod and, where more then one bang was recorded
8wing a divo the sxerap interval of time between suocessive pressure
peaks was tomd to be 0.125 secwis. The mrage peak pressure was
0.7 lb per sque foot, and the greatest Pressure peak recorded was 1,56 lb
Per square foot. The time Interval between aocessive bangs and the shape
of te van ere in soooid with the isnro n.o theoryl ft quantitative
ot@t tormast by the teory was also in tadr agreement with the measured
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i at Presure 2nd Pressure 3rd Pressure

Dsub Fl&kTim Fe a Time PaOEMtiDural. after Dua- after I: Dus-
timbe lot Prsuetion 2nd i/ tion

lb/ seas ea lb/ see peak q r 5
sq. ft - soon sq. ft - sees -q -tsa

1 1.0. 0.02 0.125 0.52 0.02 0.03 0.31 0.01
2 0.78 0.02 0.12 0.42 0.01 0.13 0.42 0.01

3 0.78 0.02 0.12 0.73 0.02 0.13 0.26 0.01

4 0.37 0.02 Non - - NON - -

5 0.37 0.01 0.15 1.56 0.02 ImN -

6 NOTING

An example of the pressure time curve for a trpioal triple bang
disturbmance in shown in ?ig.5.

4o. N&wrinmts at the RA.I.

Pressure observations were made during the 1953 S.B.A.C. Show at the
R.AJZ. In this case no coordination was possible betwen the pilot of the
afrwaft and the around observer. In view of this it was decided to limit
the observations to sMple measurements of the peek positive pressures of
the bang, measuring only the first bang when more than one bang occurred.
Owing to the lack of adequate coordination several of the bangs that
occurred. during the Show vent unrecorded. However, the peak pressures of
tho four disturbances that wre recorded are thought to be reasonably
representative. They were made by Hawnker Hunter end Bqmerine Swt3

The results am given in the following tabulation:-

Disturbanoe Peak Pressure
Nuber lb/sq. ft

1 0.09
2 0"15
3 0.24

t 4 F 0.18

5 let AWUM t Lww=i~ IAm

The mawwml sk atLmkM~23 Mp wre vtaliken prinoiiy
bem ~~~of oI. oa40natia the tlogt-pin or an Afroraft

___~ ~ ~ ~~%*O a Abyat~~s1.m *jAty as i ms

be $60W41 zeate 1 mf e tins to fth rmsure tistatbmoss on
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The missiles employed wre sighter ron. These are sioile rockets
without boosters, used mainly for the purpoe of checking the range measure-
sent apparatus. The absenoe of a booster was adantageous, because the noise
of the explosion at booster separation would have increased the diffioulty of
idntifying the true sonio bangs on the recorded traces.

A typical velocity time curve for a siahter round is shown in Fig.6, and
a typical tr4eotory is shown in Fig.7, the position of he piok-up in relation
to the trajectory is also shown.

Mhe results obtained for two firings of sighter rounds are given in the
followrng tables.

Disturbance Number One

Ist Pressure 2nd Pressure
Picok-Vp
Number Peak Iuration Time After Peak Duration

Pressure 1st Peak Pressure
lb/sq. ft Sees. Secs. lb/sq. ft Sees.

1 0.36 0.004 o.564 0.04 0.009
2 0.30 0004 0.56 I 0.04 0.009

0.037 0,044 -

Disturbance Number Two

lt Pressure 2nd Pressure

Ptok-W Peak Time After Peak
Number Pressure Duration let Peak Pressure Duration

lb/sq. ft sees. Seos. lb/sq. ft Sees.

I 0.30 0.004. 0.576 0.04 0.009
2 0.29 O. WO+ 0.576 0.05 0.009

0.27 0.004 - -

6 Disoussion of Results

(owrlaticn with thoom

AaOadlng to Warren's k pothesis the ewimb bang is asociated with the
Mo~pnedo disturbamoce created along its flight path by the psap of an
byt 4U= duetwbpao to the moton of the Adroraft oan be represented

by u6iierles a i~ f %roe simV' pulses gmats& along its track by the
Lm o air displaed by *h aicraft. Theme Imulses am propagated as

pomw. wam at sanic velooi ,. A sonic bag coows when the uircraft flis

-6-
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it is evident from a consideration of the typical flight path shown
in Fig.)+ that more than one bang con be received at the same point on the
grourmd. For example, if the aircraft is diving directly towards thes
observer when it first reaches M w 1 the velocity of the pulse will then
be sonic in the direction of the observer. At a later stare in the flight
path, for exuaple during the camnenoanent of pull out at sqW M ua 1.1, it
is again possible for the component of velocity in the direction of the
observer, to be sonic: another bang will therefore be received by the
observer and will arrive before the first bang because the aircraft's
ompcment of velocity in the observerte direction will have been supersonic
in the interim,

The flight paths of the aircr aft flown at Lanham were all similar and
were known with reasonable certainty. On the basis of the foregoing
hypothesis it was therefore possible to estimate the order of the time
interval between two successive bangs, and compare it with the interval
measured in ases, where two bangs were observed. At Lashom this interval
varied from 0,12 to 0,125 seconds, ad the approximate values estimated
from the theory were of the sme order of magnitude.

The peak pressures estimated from theory were also in fair agreement
with those measured. The aircraft experiments therefore gave a reasonable
degree of quantitative substantiation for the theory, however, the timing
of the bangs could equally well have been explained by the acoustic theory,
according to which the bangs are associated with engine noise. The aircraft
experiments were therefore not conclusive.* On this point the rocket
experimentsa at Larkhill were decisive since the first bang could only have
been made when the rocket was decelerating through Mach 1 with the rocket
motor inoperative, thus conclusively demonstrating that the first bang
heard by the observer must have been due to an aerodynamic effect.

The agrement between the measured and calculated pressures was very
good in this ose, as is shown free the following comparisons:-

Pressure
lb/sq. ft Measured Calculated

First bang 0.32 0.38
Second bang 0.04 0.05

7 Assment of Probabilily 2f Damage to Property

It is very difficult to obtain specific threshold values of peak
pressure amlitude or pressure impulse of the pressure time curve below,
which do"& to poprty eqr not be expeoted to occur. This is
inevitable beontse of the wide ranga of types of property involved, and
the enormous degree of variation in their conditions of saintanuio. The
problemo is further complicated by the possibility of moaification due to
Mahmiioal resonance mnd various, other effects, such as for exmp. the
effect of a~ ad vesidual abain on glass pm., in window fring*

The Niftistry of %orks, haa made a stuL of these matters in relgtio
to to effects, of bm blast donas to property, and has deduced certain
threshold Criteria from data gleaned from variUs sources, including war
d6ap to buildings and dsliberate ezpaenmts made with bmon weights of
0*10eiw Plased at variouis distances from blast pressure recording
Instruments.

-7-r CONFIDENTIAL
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The values deduced for the peak blast pressure and pressure Impulse (the
latter quantity being defined as the area under the positive portion of the
pressare time curve) below which the probability of damage to property is
negligibly ame we as follows,-

Threshold presue = 30 lb/ft 2

Threshold Impulse - 0.05 lb Moo/ft2.

For oamparison the measurements with aircraft have yielded the following
figures%-

Typical peak pressure = 2 lb/ft 2

Typical Impulse w 0.02 lb sec/ft 2 .

It would appear therefore that the aircraft sonic bangs measured up to the
present time we below the thresholds. Nevertheless, in view of the fore-
going considerations the possibility of ocoasionsl damage due to freak effects
cannot be ruled out.

8 Conclusions

The maiowments made with aircraft and with rockets have substantiated
the theory of Warren.

The maitudes of the disturbanoes measured have shown that with existing
aircraft the probability of extensive damage being caused to property by sonic
bangs Is smal, although the possibility of occasional damag due to freak
effects omnot be ruled out.

In the future, however, the problem mq well become more serious when
aircraft capable of flying level at supersonic speeds at low altitudes are
developed.

No. Author Title, etc.

I C.H.. Warren Sonia Bangs - A qualitative explanation
RAN Technical Note No. MAro 2192

2 O0W. olfre, Condenser type indicators for fluctuating
8. Mrtin pressures

aR port No. M 3371
J.A. M*

3 01. MLeotronio applied to ueasemrent of
0.1. iba0 pbrduoal quantities

-- 13 Report Justa.1
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FIG. ,2 & 3

COVER SPACING DIAPHRAGM INSULATED OUTER LEAD
PLATE WASHER PLATE CASE CONNECTION

FIG.1 EXPLODED VIEW OF CONDENSER PICK UP

CONNCTORCONDENSER

FIG 2 ASSEMBLED VIEW OF CONDENSER PICK UP

FIG 3 EQUIPMENT USED FOR MEASUREMENT OF SONIC BANGS
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